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ABSTRACT 

The recovery of energy from o i l  s h a l e  has  been i n v e s t i g a t e d  f o r  w e l l  over 
a hundred years .  O i l  s h a l e  i n d u s t r i e s  have e x i s t e d  i n  a number of coun t r i e s  
including an i n f a n t  i ndus t ry  i n  t h e  e a s t e r n  United S t a t e s  t h a t  was terminated 
a f t e r  t h e  discovery of petroleum i n  Pennsylvania.  Research on o i l  s h a l e  
processing has no t  kep t  pace w i t h  t h e  increased demand f o r  l i q u i d  hydrocarbons 
used a s  f u e l s  and petrochemical feedstocks.  With t h e  p re sen t  day demand f o r  
l i q u i d  hydrocarbons and t h e  a v a i l a b i l i t y  of petroleum, inc reas ing  i n t e r e s t  i n  
o i l  s h a l e  processing is ev iden t .  P o t e n t i a l  s h a l e  o i l  product ion i n  t h e  United 
S t a t e s  i n  t h e  inmediate  f u t u r e  depends on aboveground r e t o r t s  developed by t h e  
U.  S.  Bureau of Mines and by a l imi t ed  number of p r i v a t e  companies s h o r t l y  
a f t e r  World War 11. 
ogy may also be  an a l t e r n a t i v e  method f o r  s h a l e  o i l  production. 

Recent developments i n  modified i n  s i t u  r e t o r t i n g  technol- 

INTRODUCTION 

Inc reas ing  demand f o r  hydrocarbons both f o r  f u e l s  and f o r  chemical feed- 

O i l  
s tocks and the  cu r ren t  awareness of t h e  f i n i t e  n a t u r e  of petroleum depos i t s  
r e s u l t s  i n  renewed i n t e r e s t  i n  a l t e r n a t e  sources  of f o s s i l  hydrocarbons. 
sha l e  i s  one of t h e  a l t e r n a t e  sources  being considered because organic-bearing 
sha le s  a r e  loca t ed  throughout t h e  world. Production of o i l  from s h a l e  on a 
l imi t ed  s c a l e  has  occurred i n  s e v e r a l  coun t r i e s ,  but  product ion has never reached 
a s i g n i f i c a n t  l e v e l  r e l a t e d  t o  t h e  p re sen t  day world requirements.  
United S t a t e s ,  a f t e r  an i n f a n t  o i l  s h a l e  indus t ry  was terminated by t h e  discovery 
of petroleum i n  Pennsylvania,  t h e  major a c t i v i t y  was a r e sea rch  program s t a r t e d  
by the Uni t ed  S t a t e  Bureau of Mines. 

I n  t h e  

During World War 11, t h i s  r e sea rch  a c t i v i t y  was i n t e n s i f i e d  and i t  i s  
p resen t ly  being continued by t h e  United S t a t e s  Energy Research and Development 
Administration a s  we l l  a s  by s e v e r a l  agencies  i n  t h e  United S t a t e s  Department 
of the I n t e r i o r .  
i n  Braz i l ,  a r e  p re sen t ly  conduct ing,  o r  were i n  the r ecen t  p a s t ,  conducting 
research on o i l  s h a l e  r e t o r t i n g  processes .  
s e v e r a l  of these  processes  f o r  t h e  product ion of s h a l e  o i l  w i l l  be  reviewed. 

Several  p r i v a t e  companies i n  t h e  United States, and Petrobras  

In t h i s  paper t h e  p o t e n t i a l  of 

BACKGROUND 

For w e l l  over 100 yea r s ,  o i l  s h a l e  has  been processed t o  produce hydro- 
carbon products.  
r e t o r t s  t o  produce f u e l s ,  waxes,  and chemicals.  
were conducted, b u t  t h e  most s i g n i f i c a n t  was t h e  Glen Davis p l a n t  operated i n  
N e w  South Wales. 
F e l l  t ype  were i n  ope ra t ion  processing 700 t o  800 tons  of 70-gallon-per-ton o i l  

I n  1859, a S c o t t i s h  o i l  s h a l e  indus t ry  began using small  v e r t i c a l  
I n  Aus t r a l i a  numerous operat ions 

A t  one t i m e  about  100 v e r t i c a l  k i l n  r e t o r t s  of the  Pumpherston- 
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s h a l e  D e r  day (12).' 
2 x 10' g a l l o n s o f  s h a l e  o i l  (5). 

During World War 11, Aus t r a l i an  ope ra t ions  producted over  

I n  Sweden a w a r t i m e  ope ra t ion  wi th  an i n i t i a l  capac i ty  of 95,000 b a r r e l s  
This  ope ra t ion  u t i l i z e d  aboveground r e t o r t s  of o i l  per  year  w a s  e s t ab l i shed .  

and an i n  s i t u  ope ra t ion  (13) . 
Of e l e c t r i c a l  hea t ing  t h a t  u t i l i z e d  t h e  p re s su res  generated by hea t ing  to  
fo rce  t h e  products  t o  recovery w e l l s .  

The i n  s i t u  ope ra t ion  was based on a system 

In China and t h e  USSR o i l  sha l e  process ing  has  been i n  ope ra t ion  f o r  
many years .  These opera t ions  produced o i l  and gas  and, i n  Es tonia  (E-=), 
s h a l e  w a s  used f o r  f i r i n g  a power p l a n t .  
coun t r i e s  are spa r se .  

Data on  r ecen t  ope ra t ions  i n  these  

A Braz i l i an  o i l  s h a l e  research  e f f o r t  appears  t o  be  w e l l  advanced. 
Beginning i n  1950, t h e  P e t r o s i x  r e t o r t i n g  process was expanded t o  a 2,200- 
ton-per-day demonstration f a c i l i t y  by 1973. 

RETORTING RESEARCH I N  THE UNITED STATES 

I n  1944, t h e  Syn the t i c  Liquid Fuels Act au thor ized  t h e  Bureau of Mines t o  
The o i l  s h a l e  work was begin  work on conver t ing  o i l  s h a l e  t o  l i q u i d  f u e l s .  

d iv ided  e s s e n t i a l l y  i n t o  two p a r t s .  
t h e  Petroleum Experiment S t a t i o n  loca ted  i n  Laramie, Wyo., and a demonstration 
p l an t  was cons t ruc ted  a t  t h e  Anvil Po in t s  F a c i l i t y  nea r  R i f l e ,  Colo. 

Development of t h e  Gas-Combustion Retor t ing  Process (1) 

The l abora to ry  r e sea rch  and conducted a t  

Recovery of s h a l e  o i l  from o i l  s h a l e  i s  based on a simple thermal  de- 
composition of t he  s o l i d  organic  subs tance  i n  o i l  s h a l e  which is known a s  
kerogen. When heated s u f f i c i e n t l y  t h e  s o l i d  organic  m a t e r i a l  decomposes t o  
form o i l ,  gas ,  and a spen t  s h a l e  cons i s t ing  of carbonaceous and inorganic  
res idue .  These r eac t ions  have been used as a b a s i s  f o r  a number of processes ,  
bu t  most of t hese  processes  have proved u n s a t i s f a c t o r y  from t h e  s t andpo in t  of 
economics, o r  o p e r a b i l i t y ,  o r  both.  O i l  s h a l e  r e t o r t s  e s s e n t i a l l y  are hea t  
exchangers f o r  t r a n s f e r r i n g  hea t  from a hea t ing  medium t o  t h e  sha le .  They may 
be divided i n t o  fou r  gene ra l  c l a s s e s  based on t h e  method of h e a t  app l i ca t ion .  

Class Method of H e a t  Appl ica t ion  Examp l e  s 
1 Heat i s  t r ans fe r r ed  t o  t h e  s h a l e  through Pumpherston, 

a w a l l .  Hayes, Berg 

11 Heat i s  t r a n s f e r r e d  t o  t h e  s h a l e  from t h e  N-T-U, Union O i l  
combustion occurr ing  i n  t h e  r e t o r t  by Co., P in t sch ,  
burning product gases  and t h e  r e s i d u a l  
carbon i n  t h e  r e t o r t e d  sha le .  gas-combus t ion 

Bureau of Mines 

111 

1v 

Heat i s  t r ans fe r r ed  t o  t h e  s h a l e  by pass- Swedish I n d u s t r i a l ,  
ing  previous ly  hea ted  gases  o r  l i q u i d s  
through t h e  s a l e  bed. gas-flow, Royster 

Bureau of Mines 

Heat i s  t r ans fe r r ed  t o  t h e  s h a l e  by in-  Standard O i l  Co. 
t roduc t ion  of ho t  s o l i d s  i n t o  t h e  f l u i d i z e d  bed, 
r e t o r t i n g  bed. Bureau 'of Mines 

hot -so l ids -contac t ,  
Aspeco, TOSCO 

1 Underlined numbers i n  parentheses  r e f e r  t o  i t e m s  i n  t h e  l i s t  of r e fe rences  
at  t h e  end of t h i s  r epor t .  
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The most d e s i r a b l e  process  f o r  r e t o r t i n g  Colorado O i l  s h a l e  should meet 
a s  many of t h e  fol lowing requirements a s  poss ib l e :  

1. 
2 .  
3.  
4 .  

5. 

6. 

7. 

8. 

9. 

It should be cont inuous.  
I t  should have a high f eed  r a t e  pe r  u n i t  c ros s - sec t iona l  a r ea .  
It should have high o i l  recovery e f f i c i e n c y .  
I t  should r e q u i r e  a low c a p i t a l  investment ,  and possess a high 
operat ing t i m e  f a c t o r  w i th  low ope ra t ing  cos t s .  
It should be thermally s e l f - s u f f i c i e n t ;  t h a t  is, a l l  hea t  and 
energy requirements should be suppl ied without  burning any of 
t h e  product o i l .  
I t  should be  amenable t o  enlargement i n t o  high-tonnage r e t o r t s  
r a t h e r  than t o  a m u l t i p l i c i t y  of small  u n i t s .  
It should r e q u i r e  l i t t l e  o r  no water  because t h e  Green River o i l  
s h a l e  depos i t s  a r e  l o c a t e d  i n  an a r i d  region.  
I t  should be capable  of e f f i c i e n t l y  processing o i l  s h a l e  of a 
wide range of p a r t i c l e  s i z e s  t o  minimize crushing and screening.  
I t  should be mechanically s imple,  e a s i l y  operable.  

A t  t h e  Anvil Po in t s  F a c i l i t y ,  t he  Bureau of Mines began a n  inves t iga -  
t i o n  t h a t  l e d  t o  t h e  development of t h e  gas-combustion r e t o r t i n g  process .  
This i n v e s t i g a t i o n  included a s tudy of t h e  N-T-U process ,  the Royster 
process ,  and the  gas-flow process  be fo re  t h e  gas-combustion process  was 
developed. Of  a l l  of t h e  p rocesses  s tud ied ,  t h e  gas-combustion process  
comes c l o s e s t  t o  f i t t i n g  t h e  above-l is ted d e s i r a b l e  c h a r a c t e r i s t i c s .  

The gas-combustion r e t o r t i n g  process fs cha rac t e r i zed  by i t s  use of 
continuous g r a v i t y  flow of s h a l e ,  d i r e c t  gas-to-solids hea t  exchange, and 
hea t  supply by i n t e r n a l  combustion. The e s s e n t i a l s  of t h e  process  a r e  
i l l u s t r a t e d  in  f i g u r e  1. The r e t o r t  i s  a v e r t i c a l ,  r e f r ac to ry - l ined  s h a f t  
equipped with sha le -  and gas-handling devices .  It is convenient t o  d iv ide  
t h e  r e t o r t  i n t o  four  f u n c t i o n a l  zones,  although t h e r e  i s  no phys ica l  sep- 
a r a t i o n ,  and no  d e f i n i t e  d iv id ing  l i n e  between these  zones. 

Crushed and s i z e d  s h a l e  moves downward a s  a bed through t h e  r e t o r t  
v e s s e l ,  passing through t h e  product cool ing zone where t h e  s o l i d  p a r t i c l e s  
a r e  heated almost t o  r e t o r t i n g  temperature by t h e  r i s i n g  gases  from the  
r e t o r t i n g  zone. It then passes  downward i n t o  t h e  r e t o r t i n g  zone where t h e  
organic  matter i s  decomposed by hea t  t o  l i b e r a t e  o i l  vapor and gas.  A car- 
bonaceous r e s idue  from t h i s  r e a c t i o n  remains a s  p a r t  of t h e  r e t o r t e d  s h a l e  
p a r t i c l e s .  The r e t o r t e d  s h a l e  nex t  proceeds t o  t h e  combustion zone, where 
t h e  sus t a in ing  h e a t  f o r  t h e  process  is produced by burning t h e  o rgan ic  
r e s idue  on the s h a l e  p lus  a p a r t  of t h e  product gas  which is re tu rned  t o  
t h e  system. From t h i s  h o t  zone, t h e  s h a l e  moves down through t h e  h e a t  
recovery zone where its h e a t  i s  t r a n s f e r r e d  t o  t h e  r i s i n g  stream of r ecyc le  
gas .  The cooled,  spent  s h a l e  is discharged from t h e  r e t o r t  mechanically a t  
a con t ro l l ed  r a t e ,  which governs t h e  r e t o r t  throughout.  

Recycle g a s ' d s  i n j e c t e d  a t  t h e  bottom of t h e  v e s s e l  and rises through 
t h e  spen t  s h a l e  i n  the  h e a t  recovery zone. I n  e f f e c t ,  t h i s  zone is a simple 
countercurrent ,  gas- to-sol ids  h e a t  exchanger. An a i r  d i s t r i b u t i o n  dev ice  i s  
located near  t h e  c e n t e r  of t h e  r e t o r t  where a i r ,  d i l u t e d  with p a r t  of t h e  
c i r c u l a t i n g  r e t o r t  gas ,  i s  i n j e c t e d .  
ho t  spent  s h a l e ;  r e a c t i o n  of t h e  oxygen with combustibles produces a hot  f l u e  

This mixture  is heated quickly by t h e  
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FIGURE 1 .  - GAS-COMBUSTION PROCESS. 
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gas. The ho t  f l u e  and r ecyc le  gases  rise i n  contac t  wi th  the  descending r a w  
sha le  i n  t h e  r e t o r t i n g  zone, and t h e  s o l i d s  are hea ted  enough t o  e f f e c t  
theremal decomposition of t h e  kerogen i n  t h e  sha le .  The l i b e r a t e d  gases and 
o i l  vapors, commingled wi th  t h e  upward r i s i n g  gas  stream, are cooled by t h e  
en ter ing  r a w  sha le .  In t h e  product cool ing  zone , the  gas stream is cooled 
and the o i l  condenses as a f i n e  m i s t  o r  fog and i s  c a r r i e d  o u t  of t he  top  of 
t he  r e t o r t .  Both t h e  r e t o r t i n g  and cooling zones are, i n  e f f e c t ,  counter- 
cur ren t  gas-to-solids hea t  exchangers. However, t h e i r  func t ion ing  i s  
complicated by r e t o r t i n g  r e a c t i o n s  and by o i l  condensation. 

The overhead stream from t h e  r e t o r t  passes  f i r s t  through oil-mist  
separa tors  t o  recover the  s h a l e  o i l .  The o i l - l ean  gas  then  e n t e r s  a blower 
from which i t  l eaves  a t  h ighe r  p re s su re  and i s  d iv ided  i n t o  t h r e e  streams. 
One pa r t  ( d i l u t i o n  gas )  i s  i n j e c t e d  wi th  a i r  i n t o  t h e  cen te r  of t h e  r e t o r t .  
Another p a r t  ( recyc le  gas) e n t e r s  t he  bottom of t h e  r e t o r t ,  and t h e  remain- 
der  (net product gas )  is vented from t h e  system. 

The t y p i c a l  material ba l ance  and p e r t i n e n t  temperatures a r e  shown i n  
t a b l e  1. These d a t a  r e f l e c t  an a c t u a l  test  per iod  dur ing  which 2,000 pounds 

TABLE 1. - Typica l  gas-combustion r e t o r t  material 
q u a n t i t i e s  and temperatures 

Weight, Volume, Temperature, 
pounds s t d  cu f t  OF 

Mater ia l  in: 
Shale  
Recycle gas 
Di lu t ion  gas 
A i r  

2,000 -- 
1,134 14,850 

148 1,940 
294 3,840 

Mater ia l  ou t :  
Retorted s h a l e  1,611 -- 
Product o i l  196 
To ta l  r e t o r t  gas  1,769 23,170 

-- 

60 
129 
129 
91 

166 
129 
129 

of raw s h a l e ,  assaying  26.7 g a l l o n s  per  ton ,  were charged t o  t h e  r e t o r t  a t  
60°F. 
ed sha le  were discharged a t  a temperature of 166'F, and 25.2 ga l lons  of 
o i l  weighing 196 pounds were produced. 
d i l u t i o n  g a s ,  and a i r  i n j e c t e d  t o  the  r e t o r t  w a s  20,630 s c f .  The t o t a l  gas  
d ischarge  w a s  23,170 s c f ,  r ep resen t ing  a volume inc rease  of 2,540 cu f t  as 
the  r e s u l t  of va r ious  r e a c t i o n s  wi th in  t h e  r e t o r t ,  such as t h e  evo lu t ion  
of gas from cracking  o rgan ic  matter, and product ion  of carbon d ioxide  from 
decomposing minera l  carbonates .  N e t  product gas  vented  amounted t o  6,380 
s c f .  The hea t ing  va lue  of t h i s  gas  va r i ed  from 80 t o  100 Btu p e r  s c f  and, 
w i t h  p rehea t ing ,  t h e  gas could be  used as f u e l  f o r  gas tu rb ines  or waste- 
hea t  b o i l e r s .  
as the  weight of r a w  s h a l e  charge.  

Most of t h e  s t u d i e s  were made a t  mass s h a l e  rates between 200 and 300 
lb / (h r )  sq f t .  r e t o r t  bed area. 
of about 3 t o  4.5 f e e t  p e r  hour. 

Under t h e  r e t o r t i n g  condi t ions  of t h i s  t es t ,  1 ,611  pounds of r e t o r t -  

The t o t a l  volume of r ecyc le  gas ,  

The weight of g a s  moved by t h e  gas  blower w a s  about t he  same 

This i s  equiva len t  t o  a s h a l e  bed movement 
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The r eac t ions  wi th in  the gas-combustion r e t o r t  a r e  complex, and a study 
of t h i s  phase of r e t o r t i n g  was not completed when the  p r o j e c t  w a s  terminated. 
Numerous combustion and r e l a t e d  r eac t ions  are poss ib l e  among t h e  var ious  
gases,  l i q u i d s ,  and s o l i d s  present .  These materials inc lude  a i r ,  carbon 
d ioxide ,  carbon monoxide, hydrogen, water vapor ,  hydrocarbon gases ,  s h a l e  
o i l  and bitumens, carbon, and var ious  su l fu r -  and nitrogen-bearing m a t e r i a l s ,  
in add i t ion  t o  many minera ls .  

Because of t h e  complexity of t h e  combustion and thermal decomposition 
r eac t ions ,  i t  was necessary t o  assume s impl i f i ed  cond i t ions  in c a l c u l a t i n g  
hea t  balances.  Decomposition of p a r t  of t h e  magnesium and calcium cabonates 
i n  the s h a l e  is an important endothermic r eac t ion .  Es t imat ion  of t h e  ex ten t  
of t h i s  r eac t ion  was r e l a t i v e l y  s i m p l e  through comparison of t h e  amount of 
carbon d ioxide  i n  the  vent gas wi th  t h a t  expected from combustion r eac t ions .  
Other mineral  r eac t ions  a l s o  may take p lace ,  such a s  ox ida t ion  of p y r i t e s  i n  
the  s h a l e  t o  produce s u l f u r  d ioxide  o r  s u l f a t e s ,  and combination of s i l i c a t e s  
with calcium o r  magnesium oxides.  

The gas-combustion process is notable  f o r  its high thermal e f f i c i ency .  
Because a l a r g e  p a r t  of t he  s e n s i b l e  hea t  of t h e  r e t o r t e d  s h a l e  is recovered, 
i t  is necessary t o  add only about 400,000 Btu per  ton of sha le .  This low 
hea t  requirement is a d i s t i n c t  advantage, because i t  may be m e t  by combustion 
of the e a s i l y  burned po r t ion  of t he  carbonaceous r e s idue  near t h e  su r face  of 
t he  r e to r t ed  s h a l e  p a r t i c l e s ,  and by combustion of a p a r t  of t h e  gas.  There 
is no ind ica t ion  t h a t  combustion r a t e s  l i m i t  t h e  capac i ty  of t h e  gas- 
combustion process.  The l i m i t s  seem r a t h e r  t o  be in such f a c t o r s  a s  i nc reas ing  
pressure  drop through the bed, and the  tendency f o r  f i n e  s h a l e  p a r t i c l e s  t o  
become ent ra ined  i n  t h e  gas stream as throughput is increased .  

The endothermic carbonate decomposition r eac t ions  absorb about 160,000 
Btu per ton  of s h a l e  under normal gas-combustion r e t o r t i n g  condi t ions .  
t he  presence of minera l  carbonates he lps  d i s s i p a t e  excess hea t ,  when processing 
d i f f i c u l t i e s  might otherwise r e s u l t  in temperatures high enough t o  cause 
severe fus ion  of sha le .  
t he  maximum s h a l e  temperature t o  about 1,60OoF, s e v e r a l  hundred degrees below 
the fus ion  po in t  of t h e  inorganic  mat te r  t h a t  is present .  

Thus 

I n  gene ra l ,  carbonate decomposition tends  t o  l i m i t  

The mechanical s i m p l i c i t y  of t he  gas-combustion r e t o r t  is a p a r t i c u l a r l y  
advantageous f e a t u r e .  
d i s t r i b u t i o n  devices are s t a t i o n a r y .  Raw and spen t  s h a l e  handling presents  
few problems because of t h e  low temperatures and mechanical fo rces  involved. 
The a i r  d i s t r i b u t o r  a t  the  combustion zone is the  m o s t  c r i t i c a l  p a r t  of the 
system, and t h i s  r equ i r e s  s p e c i a l  cons idera t ions  i n  design. arrangement, 
mater ia l  s e l e c t i o n ,  and opera t ion  technique. 

The r e t o r t  v e s s e l  i s  s i m p l e ,  and bo th  gas and s h a l e  

From the ou t se t  of t h e  experimental  work at  Anvil  P o i n t s ,  i t  w a s  observed 
t h a t  the gas streams from r e t o r t s  usua l ly  contained s h a l e - o i l  m i s t .  However, 
t he  p o t e n t i a l  b e n e f i t  of t he  phenomenon was not  r ea l i zed  u n t i l  t e s t s  showed 
t h a t  the product o i l  could be.removed as  a m i s t  c a r r i ed  i n  t h e  gas stream. 
This d i scovery ,  a fundamentally new concept in o i l  sha l e  r e t o r t i n g ,  suggested 
an approach t o  r e t o r t i n g  and o i l  recovery t h a t  l ed  t o  t h e  development of t h e  
gas-combustion process .  

Sha le-o i l  m i s t  forms i n  t h e  retort j u s t  above t h e  r e t o r t i n g  zone, which 
The downward moving o i l  s h a l e  i n  e f f e c t  is a countercur ren t  hea t  exchanger. 

is heatedgmost  t o  r e t o r t i n g  temperature,  and . the  r i s i n g  gases  and vapors a r e  
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DATUM TEMPERATURE, 60 O F  

GAS 
23,200 STD CU FT = 1,790 LB 

OIL, LIQUID 
2219 LB 130 O F  

RAW SHALE 
2,000 LB 60 O F  

0 BTU b t I 
b 

---I 40,000 BTU TOTAL 
HEAT LOSS 
3,000 BTU 

EVAPORATION 
OF WATER 4-1 
10,000 BTU 

HOT RAW SHALE 
700 O F  

390,000 BTU 

GAS AND OIL VAPOR 
750 O F  

443,000 BTU TOTAL 
- 

RECYCLE GAS -3- 
I 

RETORTED SHALE 

FIGURE 2. - MIST FORMATION SECTION OF THE GAS-COMBUSTION RETORT. 
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a r e  cooled t o  t h e  temperature of t h e  r e t o r t  o u t l e t .  
Of t h i s  s ec t ion .  Conditions a t  t h e  upper end a r e  known because they can be  
measured d i r e c t l y ,  b u t  t h e r e  is no sharp  sepa ra t ion  of the zones of r e t o r t -  
ing and product cool ing .  For purposes of t h i s  d i scuss ion ,  a s h a l e  tempera- 
t u r e  of 700°F has  been assumed as a d iv id ing  po in t .  This  is about t h e  
temperature a t  which the  rate of kerogen decomposition becomes apprec iab le ,  
SO i t  may be considered t h e  p l ace  a t  which t h e  r e t o r t i n g  zone begins .  

F igure  2 is a diagram 

Typical condi t ions  e x i s t i n g  around t h e  mist-formation s e c t i o n  are noted 
on f i g u r e  2 .  
t o  each ton  of sha le .  
po r t ion  of t h i s  hea t  quan t i ty ,  about 100,000 Btu. For the p resen t  purpose,  i t  
i s  assumed t h a t  no water vapor condenses i n  t h e  upper p a r t  of t h e  m i s t -  
formation sec t ion ,  even though t h i s  assumption probably i s  no t  always c o r r e c t .  

About 400,000 Btu's of h e a t  a r e  t r a n s f e r r e d  from t h e  gas s t ream 
Condensation of t h e  o i l  vapor r ep resen t s  a s u b s t a n t i a l  

I f  t h e  r e t o r t  i s  opera t ing  s a t i s f a c t o r i l y ,  o i l  condenses i n  t h e  upper 
s e c t i o n  a s  a f i n e  m i s t  which i s  e a s i l y  c a r r i e d  out  wi th  t h e  gas.  

The gene ra l  requirements f o r  e f f i c i e n t  removal of m i s t  from a r e t o r t  
can be determined from s tudy  of t he  upper s e c t i o n  of t h e  r e t o r t .  The usua l  
p r i n c i p l e  of mechanical entrainment does no t  ope ra t e  because the  gas v e l o c i t y  
i s  too low t o  ca r ry  l a r g e  o i l  d rops ,  and any condensed o i l  depos i ted  on s h a l e  
p a r t i c l e s  w i l l  descend t o  t h e  r e t o r t i n g  zone wi th  t h e  moving bed. 
o i l  i s  t o  leave  t h e  r e t o r t  as m i s t  i n  t he  of fgas  stream, t h e  d r o p l e t s  must 
be formed i n  t h e  spaces between the  s h a l e  p a r t i c l e s ,  and must be  s m a l l  enough 
so t h a t  i n e r t i a l  s epa ra t ion  does no t  occur as they a r e  c a r r i e d  upward by the  
gases  through s e v e r a l  f e e t  of s h a l e  bed. 

I f  t h e  

Some condensation and depos i t i on  of o i l  on t h e  p i eces  of s h a l e  is con- 
s ide red  unavoidable.  It i s  be l ieved  t h a t  even under the  b e s t  cond i t ions  a 
t h i n  f i lm  of o i l  is present  on a l l  p a r t i c l e s  of s h a l e  e n t e r i n g  t h e  r e t o r t i n g  
zone. A r e f lux ing  problem occurs when t h e  amount of o i l  on t h e  s h a l e  i s  
g r e a t  enough t o  drop o r  flow down through t h e  bed of s h a l e .  

O i l  on the  p i eces  of s h a l e  is  subjec ted  t o  inc reas ing  temperature a s  
t he  bed moves toward t h e  r e t o r t i n g  zone, and p a r t  of t h e  o i l  r e d i s t i l l s .  
However, t he  heavier  ' f r ac t ions  are thermally cracked be fo re  reaching  t h e i r  
bo i l i ng  poin t .  Only about ha l f  d a  gas-conbustion crude o i l  d i s t i l l s  a t  
atmospheric p re s su re  i n  t h e  s tandard  l abora to ry  d i s t i l l a t i o n  test .  Crack- 
ing of t h e  heavier  f r a c t i o n  forms l i g h t e r  o i l ,  gas ,  and coke. Most of t h e  
l i g h t e r  o i l  is recoverable ,  bu t  t he  gas and coke r e p r e s e n t  a l o s s  i n  y i e l d  
of primary product.  Thus, r e f lux ing ,  i f  uncont ro l led ,  can  r e s u l t  i n  sub- 
s t a n t i a l  l o s ses  and a l t e r e d  products .  

Runs may be  c l a s s i f i e d  e i t h e r  a s  r e f lux ing  o r  nonref luxing ,  depending 
on t h e  p r o y r t i e s  of t h e  product and on opera t ing  c h a r a c t e r i s t i c s .  Equilib- 
rium i s  s t a b l e  under e i t h e r  type of ope ra t ion ,  so t h a t  s u b s t a n t i a l  changes 
a r e  needed t o  s h i f t  from one type t o  t h e  o the r .  Within some opera t ing  ranges 
a r e f lux ing  type of equi l ibr ium may e x i s t  o r  no t  depending upon condi t ions  
a t  t h e  ou t se t  of a run. Data from runs 236 and 241, shown i n  t a b l e  2 ,  
i l l u s t r a t e  t h i s  phenomenon. Run 241 was planned t o  d u p l i c a t e  2 3 6 ,  but  t h e  
r e s u l t s  were q u i t e  d i f f e r e n t  even though t h e  opera t ing  cond i t ions  apparent ly  
were matched. Comparison of t h e  two runs  shows t h a t  o i l  from run  241 was 
l i g h t e r ,  the  v i s c o s i t y  and t h e  carbon r e s idue  were lower,  and t h e  o i l  y e i l d  
was g r e a t l y  reduced. A l l  of these  d i f f e rences  i n d i c a t e  more c racking .  
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TABLE 2 .  - Comparison of r e f lux ing  and nonrefluxing t e s t s  

Test  number 
236 24 1 

Type of t e s t  Nonrefluxing Refluxing 
Operating cond i t ions :  

Shale grade,  gpt 2 1 . 1  20.8 
Shale s i z e ,  i n .  1/2 t o  1 1/2 t o  1 
Raw sha le  r a t e ,  1 b/hr 616 61 6 
Air q u a n t i t y ,  s c f / t on  s h a l e  4 ,210  4,020 
Recycle gas  q u a n t i t y ,  s c f / t on  s h a l e  17,000 16,800 

Results:  
O i l  g r a v i t y ,  API  
O i l  v i s c o s i t y  a t  130° F S S U  
O i l  Remsbottom carbon,  wt-pct 
O i l  y i e l d ,  vol-pct  Fischer  a s say  
Retorted s h a l e  a s s a y ,  gpt 
Product gas  temperature ,  F 

19.7 22.8 
132 61 
5.2 . 6  

93 72 
.5 1.8 

125 161 

Secondary cracking i n  the  r e t o r t  produces a l i g h t e r ,  l e s s  viscous o i i  
t h a t  has some q u a l i t y  advantages,  but  t hese  a r e  outweighed by t h e  loss. of 
y i e ld .  I n  a d d i t i o n ,  r e f lux ing  causes  ope ra t iona l  d i f f i c u l t i e s  i n  t h a t  t h e  
coke t h a t  forms tends t o  bond t h e  s h a l e  p a r t i c l e s  i n t o  l a r g e  agglomerates,  
i n t e r f e r i n g  with,  and sometimes completely s topping,  the flow of  sha le .  

Refluxing a l s o  causes  marked changes i n  t h e  temperatures i n  t h e  r e t o r t .  
Under r e f lux ing  cond i t ions ,  t h e r e  i s  an o i l  stream t h a t  moves downward 
through t h e  s h a l e  bed. The volume of t h i s  o i l  may be appreciable .  This  
downward flow of o i l  a l t e r s  t h e  hea t  d i s t r i b u t i o n  i n  the mist-formation 
sec t ion  because of t h e  thermal e f f e c t s  of r evapor i za t ion  and secondary 
cracking. 
f l ux ing ,  even t o  t h e  e x t e n t  of causing a s  channeling, and t h e  h e a t  t r a n s f e r  
c o e f f i c i e n t  between t h e  hog gas and s h a l e  i s  reduced by t h e  o i l  f i lm.  
comparison with nonref luxing o p e r a t i o n ,  r e f lux ing  condi t ions tend t o  inc rease  
the temperature nea r  t h e  top  of t h e  bed because.of  hea t  r e l e a s e  through con- 
densat ion,  and t o  decrease the  temperature lowcr down because of t h e  h e a t  
load imposed by vapor i za t ion .  Cracking r e a c t i o n s  and other  thermal e f f e c t s ,  
such as change i n  o f fgas  temperature  and carbonate  decomposition, a l s o  
a f f e c t  t h e  p i c t u r e .  
e s s e n t i a l  p a r t  of t h e  gas-combustion p rocess ,  and t h a t  a n  understanding of 
t he  f a c t o r s  c o n t r o l l i n g  m i s t  formation is important f o r  e f f e c t i v e  ope ra t ion  
of t he  process .  

The void space p a t t e r n  i n  the  s h a l e  bed a l s o  i s  a f f e c t e d  by re- 

I n  

It is  apparent  t h a t  formation of a s t a b l e  m i s t  i s  an 

A summary of t h e  r e s u l t s  o f  ope ra t ions  by t h e  Bureau of Mines a t  Anvil 
Examination P o i n t s  using two d i f f e ren t :  s i z e d  r e t o r t s  a r e  shown i n  t a b l e  3.  

of t h i s  t a b l e  shows t h a t  t h e  oil y i e l d  i n  volume-percent of Fischer  assay 
was about 7 t o  11 percen t  lower f o r  t h e  150-ton-per-day p l a n t  than f o r  t h e  
6-ton-per-day p l a n t .  Since t h e  runs shown a r e  r ep resen ta t ive  of smooth, 
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extended opera t ing  per iods  i n  bo th  p l a n t s ,  t h e  d a t a  shown a r e  i n d i c a t i v e  of 
t h e  maximum y i e l d s  t h a t  could be expected a t  t h e  s t a g e  of process development 
from t h e  equipment and procedures used i n  t h i s  s tudy .  Yie lds  from t h e  150- 
ton-per-day p l an t  were improved by us ing  a narrow-sized-range sha le .  However, 
t h e  performance s t i l l  d id  not  equa l  t h a t  achieved wi th  t h e  smaller un i t .  The 
reason f o r  t h i s  decrease  i n  y i e l d  i n  t h e  l a r g e r  u n i t  appears t o  b e  pr imar i ly  
t h e  r e s u l t  of secondary c racking .  
shown by d i f f e rences  i n  o i l  p r o p e r t i e s .  The g rav i ty  of t h e  o i l  produced i n  the  
l a r g e  p l an t  was 2 l 0  API o r  ,rer?ter whi le  t h a t  produced i n  the  small p l m t  ' i n ,  

20" AP1 ir .  kes s ,  W e  v i s c o s i t i e s  and Ramsbottom carbon contents  of t h e  o i l s  
a l s o  ind ica ted  more ex tens ive  c racking  i n  the  150-ton-per-day p l an t .  Compar- 
i son  of t he  product gas streams from each of t hese  two r e t o r t s  a l s o  ind ica t ed  
t h a t  t h e  l a r g e r  r e t o r t  may have been t roubled  by ex tens ive  secondary cracking. 
The 150-ton-per-day r e t o r t  produced a gas conta in ing  more l i g h t  hydrocarbons 
than t h e  6-ton-per-day r e t o r t .  

Some evidence of secondary cracking was 

Secondary c racking  no t  on ly  forms l i g h t  gases ,  b u t  a l s o  forms coke 
which cont r ibu ted  t o  t h e  g r e a t e r  q u a n t i t y  of carbon which was found on the  
spent  s h a l e  from t h e  150-ton-per-day r e t o r t .  

Another problem r e l a t e d  t o  t h e  ope ra t ion  of a moving bed r e t o r t  is t h e  
flow of s o l i d s  through t h e  r e t o r t  v e s s e l .  Because of segrega t ion  of var ious  
p a r t i c l e  s i z e s ,  w a l l  e f f e c t s ,  t h e  r e s i s t a n c e  t o  s o l i d  flow of a i r / g a s  d is -  
t r i b u t o r s ,  and o the r  o p e r a t i o n a l  problems, t h e r e  i s  a tendency f o r  l oca l i zed  
hea t ing  t o  r e s u l t  i n  c l i n k e r  format ion .  These c l i n k e r s  f u r t h e r  impede t h e  
flow of s o l i d s  and u l t ima te ly  r e s u l t  in br idging  which completely s t o p s  t h e  
flow through t h e  r e t o r t  v e s s e l .  The br idged  material must be  removed mech- 
a n i c a l l y  before  t h e  r e t o r t i n g  process  can be  continued. 

By the  mid-l950's, wcrk by t h e  Bureau of Mines on t h e  gas-combustion 
process was terminated; however, i n  1964, t he  Anvil  P o i n t s  F a c i l i t y  was 
r eac t iva t ed  and operated under con t r ac t  t o  t h e  Government by s i x  major o i l  
companies (10-11). This  work f u r t h e r  def ined  t h e  e f f e c t s  of opera t ing  v a r i -  
ab l e s  and continued t o  i n d i c a t e  t h a t  t h e  gas-combustion process  is tech- 
n i c a l l y  f e a s i b l e .  The Anvil  P o i n t s  F a c i l i t y  was aga in  leased  i n  t h e  e a r l y  
1970's t o  Development Engineering, Inc .  f o r  development and demonstration 
of the  Paraho O i l  s h a l e  r e t o r t i n g  process .  

The Paraho Process 

The Paraho process is very  s i m i l a r  t o ,  and can  b e  cons idered ,  a f u r t h e r  
development of t h e  gas-combustion process .  Major improvements of t he  Paraho 
process over  t he  gas-combustion process are r e l a t e d  to  b e t t e r  process con- 
t r o l ,  inc luding  s o l i d  and f l u i d  flow. This  more p r e c i s e  con t ro l  tends  t o  
minimize ope ra t iona l  problems such  as br idging  and lo s s  of l i q u i d  product 
by r e f lux ing  on t h e  cold sha le .  
operated i n  an e x t e r n a l l y  hea ted  mode where the  energy f o r  t he  process i s  
provided by burning p a r t  of t h e  r ecyc le  gas  stream i n  an ex te rna l  hea t e r .  

In t h e  ex te rna l ly  heated mode, t he  q u a l i t y  of t h e  r ecyc le  gas  can be  

The Paraho process  can  a l s o  b e  success fu l ly  

improved. Liquid o i l  r ecove r i e s  remain e s s e n t i a l l y  unchanged. 
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The Union O i l  Company Process 

To overcome t h e  problems of b r idg ing  and secondary c racking  of product 
o i l ,  Union O i l  Co. devised a r e t o r t i n g  process  based on a r e t o r t  which 
u t i l i z e s  a rock pump. 
s o l i d  o i l  sha l e  p a r t i c l e s  upward i n t o  an  inve r t ed ,  cone-shaped vessel which 
is open t o  the  atmosphere a t  t h e  top .  
r e t o r t  v e s s e l ' s  t op  r i m  a f t e r  having been r e t o r t e d  i n  t h e  lower reg ions  of 
t h e  ves se l .  

This rock pump i s  a p is ton- type  f eede r  which fo rces  

Spent s h a l e  s o l i d s  overflow the  

A i r  en t e r s  t h e  moving bed a t  t h e  top of t he  ves se l  and flows downward 
countercur ren t  t o  t h e  flow of s o l i d s .  Because of t h e  in f luence  of g r a v i t y  
re f lux ing  is less l i k e l y  t o  occur and secondary c racking  i s  much less of a 
problem. The rock pump tends  t o  break  up any br idging  i n  the  m a t e r i a l  and 
fo rces  spent  sha le  from t h e  ves se l .  Over t h e  yea r s  t h e  Union O i l  p rocess  
has  been modified. In 1 9 7 4 ,  Union O i l  Co. announced an improvement t o  t h e  
process t h a t  was c a l l e d  t h e  SGR process .  

The SGR process ,  which s t ands  f o r  steam-gas-recycle, uses  e s s e n t i a l l y  
t h e  same r e t o r t  des ign  as t h e  i n t e r n a l l y  heated process  except t h a t t h e  top 
of t he  r e t o r t  was covered t o  prevent  a i r  from being admitted.  The spen t  
s h a l e  was t r ans fe r r ed  t o  a sepa ra t e  v e s s e l  where oxygen and steam reac ted  
wi th  t h e  r e s i d u a l  carbon l e f t  on t h e  spen t  sha le .  The h o t  syn thes i s  gas  
t h a t  w a s  produced i n  t h i s  upper v e s s e l  w a s  i n j e c t e d  i n t o  t h e  s h a l e  i n  t h e  
r e t o r t  t o  provide a l l  necessary  hea t  f o r  r e t o r t i n g  t h e  incoming sha le .  

In  t h e  Union "B' process ,  hea ted  r e c y c l e  gas  i s  used to  provide t h e  
necessary hea t  f o r  r e t o r t i n g  o i l  sha l e .  

The TOSCO 11 Retor t ing  Process 

The TOSCO 11 r e t o r t i n g  process  i s  a l s o  an  e x t e r n a l l y  hea ted  process.  
I n  t h i s  process t h e  r e t o r t i n g  v e s s e l  w a s  a r o t a t i n g  drum i n  which r a w  o i l  
s h a l e  is heated by being contac ted  wi th  ceramic b a l l s  t h a t  a r e  used a s  a 
hea t  t r a n s f e r  medium. The b a l l s  are hea ted  i n  a n  e x t e r n a l  v e s s e l  by burn- 
ing  r e s i d u a l  carbon on spen t  s h a l e  p a r t i c l e s .  Because combustion a i r  i s  
no t  admitted i n t o  t h e  r e t o r t i n g  v e s s e l ,  t h e  gases  produced a r e  no t  d i l u t e d  
wi th  n i t rogen  and, t he re fo re ,  have a h igher  hea t ing  va lue .  The o i l  product 
tends  t o  have a s l i g h t l y  h igher  API g r a v i t y  and a lower pour po in t  than  
s h a l e  o i l  from t h e  gas-combustion process .  The recovery of hydrocarbon 
va lues  from the  raw s h a l e  i s  high. 

The Pe t ros ix  Retor t ing  Process  

The Pe t ros ix  r e t o r t i n g  process ,  which w a s  developed i n  B r a z i l ,  is a l s o  
an ex te rna l ly  heated process  s i m i l a r  t o  t h e  gas-combustion process  and a l s o  
t o  t h e  ex te rna l ly  heated Paraho process .  

I n  S i t u  Retor t ing  Processes  

Retor t ing  o i l  s h a l e  underground by in s i t u  methods has  been considered 
because t h i s  method appears  t o  have s e v e r a l  p o t e n t i a l  advantages over above- 
ground processing. 
l ean ,  o r  t he  strata may be too  t h i n  t o  b e  produced economically by ord inary  
mining techniques.  

Many s h a l e  depos i t s  are deeply bur ied  and may b e  t o o  

These d e p o s i t s  can only  be  produced by some i n  s i t u  
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method. There may be  advantages of i n  s i t u  methods i n  r i c h e r ,  t h i cke r  de- 
p o s i t s  of o i l  s h a l e  a l s o .  
expensive and less complicated,  the i n  s i t u  process  is less c a p i t a l  inten- 
s i v e .  Because t h e  spent  material remains underground the re  is less problem 
assoc ia ted  with t h e  d i s p o s i t i o n  of waste products.  To be  success fu l ,  a n  i n  
s i t u  r e t o r t  r equ i r e s  s u f f i c i e n t  permeabi l i ty  t o  permi t  t h e  flow of r e t o r t i n g  
f l u i d s  i n t o  and ou t  of t h e  r e t o r t ,  s o  t h a t  hea t  may be  d i s t r i b u t e d  evenly 
throughout t h e  s h a l e  bed. This permeabi l i ty  must be  maintained throughout 
t h e  l i f e  of t h e  r e t o r t  and i t  must b e  l i m i t e d  so t h a t  t h e  flow of f l u i d s  
can be contained w i t h i n  t h e  d e s i r e d  volume. 

Because t h e  aboveground i n s t a l l a t i o n  i s  l e s s  

Recently,  t h e  term "modified i n  s i t u  r e t o r t i n g "  have come t o  b e  appl ied  
t o  an i n  s i t u  r e t o r t  i n  which a p a r t  of t h e  m a t e r i a l  has  been removed t o  
allow f o r  expansion f u r i n g  f r a c t u r i n g  of t h e  o i l  s h a l e  bed. The term would 
a l s o  b e  appl ied  t o  underground r e t o r t s  prepared by s o l u t i o n  mining of sol- 
ub le  salts, e i t h e r  by n a t u r a l  o r  a r t i f i c i a l  means. 

The remaining i n  s i t u  p rocesses  where very  l i t t l e  o r  no material i s  
removed p r i o r  t o  f r a c t u r i n g  have come t o  be  termed " t ru  i n  s i t u  processes." 
For the  t r u e  i n  s i t u  process ,  f r a c t u r i n g  and main ta in ing  pcruleabili ty i s  a 
much more d i f f i c u l t  problem. Some l imi t ed  work was performed by S i n c l a i r  
O i l  Co. on a t r u e  i n  s i t u  process  i n  Green River o i l  sha l e  (A). These 
tests were conducted a t  Haystack Mountain near  Grand Val ley ,  Colo. ,  and have 
been descr ibed ,  bu t  no t e c h n i c a l  r e s u l t s  were presented .  

Extensive exper imenta l  work on t h i s  process  has  been conducted by t h e  
Laramie Energy Research Center under t h e  Bureau of Mines and t h e  Energy 
Research and Development Administration. These t e s t s ,  conducted i n  Green 
River o i l  sha l e  near Rock Spr ings ,  Wyo., have been r epor t ed  ex tens ive ly  i n  
t h e  l i t e r a t u r e  (1-3,8-9,16). These experiments have not  produced ldrsc 
q u a n t i t i e s  of o i l  bu t  have demonstrated t h a t  underground combustion can be  
i n i t i a t e d  and sus t a ined  and l i q u i d  products  can b e  produced from t h i s  t ype  
of processing. The outs tanding  example of modified i n  s i t u  processing is 
t h e  work conducted by Occidenta l  O i l  Co. (5). I n  t h i s  method, underground 
mining is  used t o  remove s u f f i c i e n t  m a t e r i a l  t o  a l low f o r  proper  expansion 
of o i l  sha l e  rubble  dur ing  t h e  formaBion of t h e  r e t o r t .  F igure  3 p re sen t s  
an  a r t i s t ' s  concept of how a modified i n  s i t u  r e t o r t i n g  sequence could be  
developed underground. F igure  4 is  a concept of how a t r u e  i n  s i t u  o i l  
sha l e  retort might ope ra t e .  A f t e r  f r a c t u r i n g ,  t h e  o i l  s h a l e  i s  i g n i t e d  i n  
a c e n t r a l  we l l  and combustion i s  sus t a ined  by i n j e c t i n g  air .  The hea ted  
combustion products  flow outward toward recovery wells r e t o r t i n g  t h e  o i l  
sha l e  and fo rc ing  the  s h a l e  o i l  t o  flow i n  t h e  same d i r e c t i o n .  
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DISCUSS I O N  

The t echn ica l  f e a s i b i l i t y  of producing l i q u i d  hydrocarbon products from 
Many of these processes ,  t he  gas- aboveground r e t o r t s  has  been e s t ab l i shed .  

combustion process ,  t h e  Paraho process ,  t h e  Union O i l  p rocess ,  and the  
TOSCO 11 process have opera ted  success fu l ly  a t  rates as  h igh  as approximately 
1,000 tons pe r  day. 
2,000 tons pe r  day. 

The P e t r o s i x  process has  been opera ted  a t  rates above 

To make s i g n i f i c a n t  con t r ibu t ions  t o  today ' s  energy demand, t hese  proc- 
esses must be sca l ed  up by approximately 10 t o  20 t i m e s .  This  scale-up 
would r e s u l t  i n  a commercial-sized module and a success fu l  ope ra t ion  of a 
module would produce r e a l i s t i c  d a t a  t h a t  could be used t o  develop an eco- 
nomic ana lys i s  of an o i l  s h a l e  r e t o r t i n g  process.  Sca l ing  a process up by 
a f a c t o r  of 10 t o  20 is no t  unusual,  bu t  a r e t o r t  handl ing  20,000 tons  pe r  
day of broken o i l  s h a l e  has  never been cons t ruc ted  and opera ted .  
l e m s  connected wi th  t h e  flow of t h i s  amount of s o l i d s  countercur ren t  t o  a 
flow of r e t o r t i n g  f l u i d s  w i l l  r equ i r e  ex tens ive  engineer ing  development. 
This development w i l l  r equ i r e  t i m e  and i f  o i l  s h a l e  i s  t o  make a s i g n i f i -  
cant con t r ibu t ion  t o  our energy requirements i n  t h e  near  term, t h e  develop- 
ment work should b e  s t a r t e d  as soon as poss ib l e .  

The prob- 

The p i c t u r e ,  as f a r  as i n  s i t u  r e t o r t i n g  is concerned, i s  roughly 
similar t o  aboveground r e t o r t i n g .  
i s e  and are app l i cab le  t o  many s h a l e  depos i t s ,  e s p e c i a l l y  formations t h a t  
a r e  th i ck  and r ead i ly  access ib l e  f o r  t h e  r equ i r ed  mining opera t ion .  True 
i n  s i t u  methods r equ i r e  a g r e a t  d e a l  more r e sea rch  be fo re  they  can be con- 
s idered  f o r  commercial app l i ca t ion .  

Modified i n  s i t u  methods show g rea t  prom- 

Shale o i l s  produced by a l l  of t hese  r e t o r t i n g  methods have many s i m i -  
l a r  c h a r a c t e r i s t i c s .  
crude o i l s  and these  o i l s  are made up of about 40 percen t  hydrocarbons and 
the  remaining 60 percent  are organic  compounds conta in ing  oxygen, n i t rogen ,  
and su l fu r .  The o i l s  are d e f i c i e n t  i n  gaso l ine  b o i l i n g  range ma te r i a l  and 
only about ha l f  of it can be recovered overhead dur ing  d i s t i l l a t i o n .  The 
crude s h a l e  o i l  could be used d i r e c t l y  as burner f u e l  and t h i s  may w e l l  be  
one of t he  uses  dur ing  t h e  e a r l y  s t ages  of development. Because t h e  most 
urgent needs are f o r  f i n i s h e d  f u e l s  requi red  f o r  t r a n s p o r t a t i o n ,  gaso l ine ,  
j e t  f u e l s ,  d i e s e l  f u e l ,  and o t h e r s ,  r e sea rch  on upgrading and r e f in ing  t o  
these  products i s  e s s e n t i a l .  

The most ex tens ive  work has  been done on gas-combustion 

CONCLUSIONS 

I n  conclusion, o i l  sha,le has  been known and processed f o r  more than 
one hundred years .  It is widely d i s t r i b u t e d  throughout t h e  world and could 
w e l l  be an abundant s u b s t i t u t e  f o r  t h e  d iminish ing  supply of petroleum. There 
a r e  engineering development problems t h a t  must be  so lved  before  t h i s  r e source  
can compete i n  t h e  marketplace.  
s eve ra l  aboveground r e t o r t i n g  processes  and by modified i n  s i t u  r e t o r t i n g .  
A l l  of these  processes  must be  demonstrated on a l a r g e r  s c a l e  t o  prove oper- 
a b i l i t y  and t o  provide r e l i a b l e  economic da ta .  As t h e  r e t o r t i n g  processes  
a r e  developed, r e f in ing  methods must a l s o  be  developed t o  conver t  t h i s  va l -  
u a b l e  resource  t o  t h e  des i r ed  hydrocarbon products.  

Technical f e a s i b i l i t y  has  been shown by 
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